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Introduction
The relationship between urbanization of large agglomerations and flooding has been receiving more attention recently in the context of forecasted changes in the frequency and intensity of extreme events due to climate change (Nobre at al., 2011; Linnekamp et al., 2011; Gu et al., 2011) .
There is a significant correlation between human occupation and urban drainage systems. 2 Urban development promotes changes in land use that increase flood hazards, as changes to stream channels can limit drainage during heavy rainfall (Konrad and Booth, 2002) . Megacities such as São Paulo have numerous social and environmental problems associated with patterns of development and transformation of space, which have been aggravated by increases in temperature and intensification of extreme weather events (Nobre et al., 2011; Silva Dias et al., 2013) . Projections of climate changes indicate a step up in the frequency and intensity of short lasting extreme events, and point to an increase in the number of days with heavy rainfall until the end of the century, aggravating further the issue of flooding. 3 The consequences of floods in urban areas are relevant, ranging from impacts on human health (Huntingford et al., 2007) to effects on housing prices (Harrison et al., 2001) , urban transportation infrastructure (Suarez et al., 2005) , and other damaging effects such as time lost in work and education, damages to property and psychological stress (Linnekamp et al., 2011) ; moreover financial costs are also important, through potential effects in the insurance sector and public compensation schemes (Botzen and Van den Bergh, 2008) . Van der Veen and Logtmeijer (2005) discusses [economic] vulnerability to flooding as a function of dependencethe degree to which an activity relates to other economic activities in the rest of the country; redundancythe ability of an activity (or system) to respond to a disruption by overcoming dependence by deferring, using substitutes or even relocating; and susceptibilitythe probability and extent of flooding.
Understanding this functional tripod would be essential to identify risk-related economic hotspots associated with a broader concept of damage which should include not only traditional direct damages related to infrastructure, property and business disruption, but also indirect costs measured through input-output linkages.
We operationalize this concept using an alternative methodological approach. The focus of the paper is on one specific dimension of the economic impacts of flooding in an integrated interregional system. We use as our case study all the flooding events that occurred in the city of São Paulo in 2008. As we will analyze every single point of flood in that year, treatment of susceptibility becomes of lesser importance; from the economic standpoint, once the flood took place in a point of the city, we will just need to verify the existence of affected business firms within its territorial extent. The other two elements are also explicitly considered. Dependence is fully captured through spatial linkages associated with the income flows and value chains embedded in the metropolitan input-output system used to calibrate the spatial computable general 3 Even though projections of changes in rainfall and rainfall extremes may still show uncertainties due to climate model difficulties in representing some physical processes related to rainfall formation at higher resolutions (Marengo et al., 2009 ), significant positive trends are found in the evolution of daily rainfall extremes in the city of São Paulo from 1933 to 2010 historical data (Silva Dias et al., 2013) . equilibrium (SCGE) model, and on hypotheses on interregional factor mobility; redundancy is contemplated on the strength of substitution effects induced by price effects and supply constraints in the SCGE model.
In an economic perspective, three main driving forces come into play: at first, businesses in the influence area of the flood points may have to shut down temporarily, hampering potential GDP/GRP growth through interruptions in their value chains; secondly, damage in the economic infrastructure may generate either a reduction in the capital stocks available for production or, more common in flood events, temporary disruptions of infrastructure services (e.g. electricity disruption, closing of roadways), also negatively impacting the potential GRP/GDP; and thirdly, reconstruction efforts and additional maintenance measures operate in the opposite direction, activating investment-oriented activities (e.g. construction sector), starting more vigorously after the flood periods. This paper aims to evaluate the effects of the first of these three driving forces. We look at the economies of the city of São Paulo and of Brazil in 2008 and estimate what would be the hypothetical economy-wide impact had all flood events not occurred in that year. In doing that, we are able to derive the estimates of the economic costs of the floods related to the value chains disruptions associated with businesses' temporary close downs during the events. By not taking into account the effects of neither disruptions in infrastructure services nor financial flows associated with recovery of the natural disasters, we are able to isolate the economic effects of the flooding and its spatial propagation providing an approximation of the regional consequences from a value chain perspective. Thus, these estimates should be considered as lower bounds of the broader economic costs.
The remaining of the paper is structured as follows. In the next section, we provide more information on the study area, followed by a section in which the methodology is 
The Study Area
The São Paulo Metropolitan Region (SPMR), the main economic and financial center of Brazil, consists of 39 municipalities in an intense process of conurbation. It is the fourth largest urban agglomeration of the world, and the largest urban agglomeration in the country, with about 10% of the national population (around 20 million inhabitants), and responsible for 19% of Brazilian GDP. The city of São Paulo is the core of the metropolitan area and accounts for 5.9% of the country's population and 12% of its GDP (Table 1) . Dense urbanization is a significant source of heat. The densest parts of the metropolitan area tend to be the warmest, and temperature decreases as urban density declines (Nobre et al., 2011) . The "urban heat-islands" create more summer rain over and downwind of major cities (Shepherd et al., 2002) , reinforcing the forecasted trends of increasing frequency and intensity of daily rainfall extremes in the city of São Paulo (Silva Dias, 2013). The rapid process of urban expansion around the CBD ( Figure 3 ) was not followed by the implementation of adequate infrastructure, causing important urban problems. Due to the lack of urban planning and the illegal occupation of the environmental protection areas (around watercourses and on slopes), the percentage of impervious areas in the Upper Tietê River Basin, the main watercourse in the city, has increased significantly.
As a result, flood frequency in the basin has also increased (Barros et al., 2005) . The intense rainfall in the summer causes floods in several points of the town. Besides the loss and inconvenience suffered by people directly affected, these floods produce wider effects that surpass the limits of the city, reflecting on economic sectors of the state and the country. The impacts of floods affect households, industrial and commercial activities, public and private services, and the urban transportation system.
Given the increasing concentration of people and economic activities in the area in the past decades, impacts and economic losses due to natural catastrophes have increased substantially.
Since the early 1970s, the SPMR has undergone major structural changes, transformed from dominance by traditional manufacturing to more sophisticated services. 5 The hollowing-out process of the metropolitan area associated with the geographical deconcentration of the manufacturing sector has imposed a new structure of interregional dependence in which SPMR plays a specific role. On one hand, a typical establishment is now less dependent both on sources of inputs and on markets within the metropolitan area. On the other hand, fragmentation is now a characteristic of production with longer value chains based on the organization of production to exploit economies of scale in individual plants in specialized component productionand shipping to other plants elsewhere to add further components (Hewings, 2012) . (Diniz, 1994) . A closer look at the structure of trade flows by sectoral products reveals the stronger dependence of São Paulo city on primary and manufactured products from outside the metropolitan boundaries and a relative self-sufficiency in services.
It is in this context that the assessment of the impacts of floods in the city of São Paulo is to be undertaken. Even though there is a strong perception that, apart from the damage and inconvenience suffered by those directly affected, flooding in the Upper Tietê Basin in São Paulo could produce wider effects stretching beyond regional boundaries, with devastating effects on the state and national economies (Nobre at al., 2011) , this is, to our knowledge, the first attempt to address this issue in an integrated modeling approach. 
The Integrated Modeling Framework
The purpose of this study is to evaluate the wider economic impacts of floods in the city of Sao Paulo through a bottom-up modeling approach. In this context, the economic consequences of localized floods are assessed from the municipal to the national level.
As highlighted by , the quantification of economic losses is necessary to gauge individual and community vulnerability, to evaluate the worthiness of mitigation, to determine the appropriate level of disaster assistance, to improve recovery decisions, and to inform insurers of their potential liability.
Natural disasters can cause physical destruction of installed capacity. However, the city of Sao Paulo has been adapting to the type of flooding that it experiences. Despite the inconvenience caused, such as the interruption of the flow of people and goods due to the lack of urban drainage, the loss of machinery and equipment are negligible in such events. In our approach, the economic losses of the main economic and financial center of the country are directly related to the shutdown of production in the affected sites.
While the direct losses are assessed through the disruption of economic activities, indirect losses can be calculated by considering associated interruptions in the value chains. Such estimation of indirect losses demands an economic model capable of capturing the flow of goods between economic agents, which poses another challenge,
given the uniqueness of each disaster (Okuyama, 2007) .
Estimating the direct impact of the 2008 flooding events in the city of São Paulo
Using detailed GIS information on flooding points and on labor profiles of firms, and assuming that production is a continuous on weekdays, foregone losses can be indirectly approached by a measure of foregone wages paid during the interruption of production in businesses affected by flooding events. The information on payments to workers in the affected firms is essential to capture the direct losses caused by flooding. These data are obtained from a GIS database on labor firms, known in Brazil as RAIS (Annual Report of Social Information). 7 The RAIS database informs, for each single firm, its address, total wages paid to workers, and the SIC code of its main activity. This statistical survey covers 97% of the formal labor market, which represents 57% of the total employment in the country 8 , providing a measure of the representativeness of the sample. A simple reweighting procedure is used based on the information on sectoral labor payments in the CGE database, so that the aggregated micro data on the workers' wage bill in a given sector in the city of São Paulo would be consistent with the macro data.
The combination of these two databases allows us to identify those businesses potentially affected by a flood event (Figure 4) . To calibrate the area of influence of a flood point in our simulations, 25 interviews were undertaken with firms locate in the vicinity of two specific flood points in our database. 9 The main conclusions of the field research were that (i) up to 100m from the flood point (approximately one block), firms are definitely affecteddepending on the time of the event, workers either do not arrive at work or leave the job place earlier; (ii) firms further away (e.g. 200m) are only affected in the most severe events; and (iii) in the rare occasions when the water invades the establishment, precautionary adaptive measures are promptly undertaken for the next event. Thus, the most likely scenario would be to define an impact radius of 100m
and not to consider damage to capital stocks. Moreover, to calibrate our simulations, we have an additional ad hoc assumption that the extension of the foregone output will depend on the time of the day the flood event takes place: for events that take place before noon (after 6am), it will be assumed that the whole daily output is "lost", while only half of it will be considered to be "lost" in cases the flood occurs in the afternoon, during working hours. Thus, once the companies directly affected by the flood events 6 We excluded from the analysis flood events that took place in the idle of the night or on weekends and holidays. Since the vast majority of flood-related problems last fewer than several hours, as businesses are probably closed anyway and there is no disruption for the most part (Rose and Guha, 2004 are identified under our working hypotheses, one can estimate foregone losses in the periods of interrupted production. Such information is used to prepare the shock vector that feeds the SCGE model so that one can evaluate the total economic impacts of floods in São Paulo.
Estimated direct foregone labor income due to floods in 2008 in the city of São Paulo is presented in Table 3 . Direct impact is heavily concentrated in tertiary activities (around 90%), especially services, commerce and transportation. In the more plausible scenario, i.e. 100m, almost 20,000 firms would have been directed affected by flood events in 2008, with a labor income loss of over BRL 17 million. In terms of foregone output, this is close to BRL 80 million (BRL 43.5 million in terms of value added). 50m, 100m, 150m, 200m ) Table 3 
. Estimated foregone (reweighted) labor income (in BRL thousand)
Estimating the impacts at the regional and national levels
In order to estimate the total impacts caused by floods in São Paulo we use a spatial computable general equilibrium model (SCGE) . It is a model based on simultaneous optimization of the behavior of individual consumers and firms, subject to resource constraints. When extended into a multi-regional framework, the model is able to provide the spatial distribution of impacts.
The specification of the SCGE model uses as its departure point the B-MARIA model, developed by Haddad (1999) . The B-MARIA modeland its extensionshas been widely used for assessing regional impacts of economic policies in Brazil. Since the publication of the reference text, various studies have been undertaken using, as their national results are obtained from the aggregation of regional results. The model identifies different production/investment sectors in each region producing different commodities, one representative household in each region, regional governments and one Federal government, and a single foreign area that trades with each domestic region, through a network of ports of exit and ports of entry. Three local primary factors Impact radius are used in the production process, according to regional endowments (land, capital and labor).
The B-MARIA framework includes explicitly some important elements from an interregional system, needed to better understand macro spatial phenomena, namely:
interregional flows of goods and services, transportation costs based on origindestination pairs, interregional movement of primary factors, regionalization of the transactions of the public sector, and regional labor markets segmentation. We have also introduced the possibility of (external) non-constant returns in the production process, following Haddad and Hewings (2005) . This extension is essential to adequately represent one of the functioning mechanisms of a spatial economy. The model used here is structurally calibrated for 2008, the same year for which data on floods are available.
The calibration of the SCGE model is based on a fully specified interregional inputoutput system considering 41 regions, 56 sectors and 110 products. 10 It is a database at the municipal level for the year 2008 which focuses on the SPMR, that is, it covers the 39 municipalities that compose the metropolitan area, the rest of the state of São Paulo and the rest of Brazil. Furthermore, it maps the inter-industrial relations by place of production; the payments to labor factor by place of residence; and the consumption structure by place of consumption ( Figure 5 ). 11 10 Due to computational constraints, we have used an aggregated version with 8 sectors and 8 products. 11 These different spatial dimensions follow the tradition found in metropolitan input-output models (Hewings et al., 2001; Jun, 2004) . 
Local demand Interregional and international imports

Commodities
Local production Interregional exports Commodities household consumption), a reduction in tax revenue 12 , and a decrease in the city's domestic and international competitiveness, as verified by the worsening of the interregional and international balances of trade. The national effects go in the same direction, with lower welfare and government expenditures, and a decrease in the country's competitiveness in international markets.
From a spatial perspective, Figure 6 presents the impacts on municipalities in the SPMR. Noteworthy is that the economic effects are not only localthey spread across the space through production and income linkages. We see that the effects of the floods are estimated to vary considerably across municipalities in the SPMR. As expected, the largest negative effects of the floodsbesides that on São Paulo Cityare projected to occur in municipalities with stronger production and income coefficients linked to the capital city.
In money values, the total value added impact on the Brazilian economy is estimated to be BRL 218.19 million (100m-scenario), for a direct damage of BRL million 43.54, so that the associated total impact-damage ratio is 5.0. Considering only the intra-city impact, the impact-damage ration is equivalent to 2.2 (Table 5) . Given the existing spatial fragmentation observed in Brazil, and the structure of spatial dependence observed in the data (Table 2) , the hierarchy of impacts shows the rest of Brazil as the second most affected region, with potential GRP losses similar in magnitude to those projected for São Paulo City. The rest of the State of São Paulo, benefitted by the recent process of hollowing-out of the SPMR, presents potential GRP losses greater than the totality of the other municipalities in the SPMR. Roughly, the GDP impact in all scenarios is spatially distributed as follows: São Paulo City and the rest of the country with similar shares in total losses of around 44%; the rest of São Paulo State with 9%, and the remaining 4% accruing to the rest of SPMR. 12 Our assumption regarding adjustment in the real government expenditure considers constant real budget deficits for both regional and federal governments. 
Final Remarks
Throughout most of the 20 th century, the number of days when rainfall exceeded 80 mm/day in São Paulo was very small (one per decade since the 1930s). After the early 1970s, however, the number of cases increased, reaching nine cases in the first decade of this century (Silva Dias et al., 2013) . Using a SCGE model, we have ascribed output shocks based on GIS simulations in which locations of flood points and firms were combined, in projecting the economic impacts of flood events that took place in the city of São Paulo in 2008. It was estimated that floods contributed to reduce city growth and residents welfare, as well as to hamper local competitiveness in both domestic and international markets. Not only was the city economy affected, but also other regional economies in Brazil.
The key message is that one needs to consider interactions both inside and outside an urban system to assess the consequences of apparently local phenomena. Measures relating to the planning and control of land use should be executed in parallel with engineering projects to improve the urban drainage system and prevent the emergence of new risk areas. However, the recognition that the economic effects of flooding are not only local poses an additional governance problem in the context of Brazilian federalism. As policy decisions (and budget controls) are made either at the Impact radius municipality, state or federal level, coordination problems will be faced. As Biesbroek et al. (2009) pointed out, there is no unequivocal solution to the challenge of climate change, which will require a combination of long-term efforts and short-term actions taken at all governmental levels. In the context of the problems of floods in São Paulo, a further challenge emerges as, in addition to the traditional administrative structures that spatial planners are accustomed towhich favor the treatment of socioeconomic issues additional spatial layers come into scene (e.g. river basins, climate) bringing other dimensions to be integrated in the search for a solution.
